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Background.  Limited data exist regarding the impact of human bocavirus (BoV) in hematopoietic cell transplant (HCT) 
recipients.

Methods.  In a longitudinal surveillance study among allogeneic HCT recipients, pre-HCT and weekly post-HCT nasal washes 
and symptom surveys were collected through day 100, then at least every 3 months through 1 year post-HCT at the Fred Hutchinson 
Cancer Research Center (2005–2010). Samples were tested by multiplex semiquantitative polymerase chain reaction (PCR) for 12 
viruses. Plasma samples from BoV + subjects were analyzed by PCR. Separately, we conducted a retrospective review of HCT recipi-
ents with BoV detected in lower respiratory tract specimens.

Results.  Among 51 children and 420 adults in the prospective cohort, 21 distinct BoV respiratory tract infections (RTIs) 
were observed by 1 year post-HCT in 19 patients. Younger age and exposure to children were risk factors for BoV acquisition. 
Univariable models among patients with BoV RTI showed higher peak viral load in nasal samples (P = .04) and presence of respira-
tory copathogens (P = .03) were associated with presence of respiratory symptoms, but BoV plasma detection was not. Only watery 
eyes and rhinorrhea were associated with BoV RTI in adjusted models. With additional chart review, we identified 6 HCT recipi-
ents with BoV detected in lower respiratory tract specimens (incidence rate of 0.4% [9/2509] per sample tested). Although all cases 
presented with hypoxemia, 4 had respiratory copathogens or concomitant conditions that contributed to respiratory compromise.

Conclusions.  BoV RTI is infrequent in transplant recipients and associated with mild symptoms. Our studies did not demon-
strate convincing evidence that BoV is a serious respiratory pathogen.

Keywords.   human bocavirus; bronchoalveolar lavage; respiratory tract infection; hematopoietic cell transplant; surveillance.

Human bocavirus (BoV) is a DNA parvovirus first identified in 
pediatric respiratory specimens in 2005 [1]. The virus is preva-
lent among young children with respiratory illness, with a sero-
prevalence study in Finland demonstrating that all 109 children 
were seropositive for BoV by age 6 years [2]. Although current 
research suggests that BoV typically causes a mild syndrome in 
healthy children, particularly young children with primary in-
fection, and rarely causes disease in adults, the degree to which 
BoV is directly responsible for respiratory illness has been de-
bated [3, 4]. Other common respiratory viruses are recognized 

as pathogens contributing to significant morbidity and mor-
tality in an immunocompromised host, with guidelines on 
management available. In contrast, the impact of BoV in immu-
nocompromised hosts is not well characterized, and systematic, 
longitudinal data on BoV respiratory tract infection (RTI) are 
limited [5, 6]. This issue is particularly relevant given increasing 
widespread use of multiplex polymerase chain reaction (PCR) 
panels for detection of respiratory viruses.

The objective of this study was to examine the incidence 
and disease manifestations of BoV RTI in HCT recipients. We 
conducted analyses of BoV incidence and related symptoms 
as part of a prospective, surveillance longitudinal study of al-
logeneic HCT recipients [7–9]. In addition, we performed a 
retrospective review of HCT recipients with BoV detected in 
lower respiratory tract samples at the Fred Hutchinson Cancer 
Research Center.

METHODS

Study Design and Participants

This prospective surveillance study was performed in patients 
undergoing allogeneic HCT between December 2005 and 
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February 2010 at the Fred Hutchinson Cancer Research Center 
[7–9] (Figure 1). Altogether, 471 subjects of all ages were en-
rolled before HCT and followed with longitudinal surveillance 
for respiratory virus infections for 1 year post-HCT. Nasal wash 
sampling as well as symptom surveys began pretransplantation 
and continued weekly regardless of symptoms through 100 days 
posttransplantation. Virologic and symptom surveillance was 
performed every 3 months and whenever respiratory symptoms 
occurred between days 100 and 365 post-HCT. A  survey as-
sessed 12 respiratory symptoms (rhinorrhea, sinus congestion, 
postnasal drip, shortness of breath, cough, wheezing, sputum 
production, sore throat, sneezing, watery eyes, earache, hoarse-
ness), 4 systemic symptoms (fever, myalgias, diarrhea, and 
headache), and exposure history.

In addition, we reviewed all HCT recipients with BoV detected 
from lower respiratory tract specimens such as bronchoalveolar 
lavage (BAL) or lung biopsy at the Fred Hutchinson Cancer 
Research Center (through December 2018). This examination 
included patients who were tested for BoV in banked BAL spe-
cimens for research purposes (4/26/1988–10/23/2012) [9, 10]. 
The study was approved by the Fred Hutchinson institutional 
review board.

Respiratory Samples and Laboratory Testing

For the prospective surveillance cohort, respiratory tract sam-
ples included nasal wash (nasopharyngeal or oropharyngeal 
swab specimens if clinical conditions precluded nasal wash 
sampling). Clinical samples were also collected at clinicians’ 
discretion if respiratory symptoms were noted. All respiratory 
tract samples were tested by multiplex semiquantitative, reverse 
transcription PCR for respiratory syncytial virus, parainfluenza 
virus 1–4, influenza A/B, adenovirus, human metapneumovirus, 
rhinovirus, coronavirus, and BoV [4, 11, 12]. All PCR reactions 
were performed according to College of American Pathologists 
standards. The original assay was designed to detect BoV type 
1. Following discovery of other bocavirus types (2, 3, and 4), the 
assay was updated to include all 4 types in August 2011. Both 
assays are laboratory-developed tests that were validated in our 
clinical laboratory improvement amendments (CLIA)-certified 
laboratory. Institutional standard investigation of BAL speci-
mens includes broad diagnostic tests including multiplex PCR 

for respiratory viruses; conventional cultures for bacteria, fungi, 
mycobacteria, and viruses; shell vial culture for cytomegalo-
virus; immunofluorescent antibody staining for Pneumocystis 
jirovecii; Aspergillus galactomannan enzyme-linked immu-
nosorbent assay; cytopathologic examination; and PCR for 
Legionella and fungus if applicable. Available plasma samples 
close to the time of BoV detection in respiratory specimens 
were tested by PCR to examine BoV viremia [4, 12–14].

Statistical Analysis

Univariable Cox regression analyses were performed to evaluate risk 
factors for acquisition of BoV in the first 100 days post-HCT using 
transplant demographics as baseline variables, and exposure history 
(steroid use, antibiotic use, contact with sick persons), acute graft-
versus-host disease, cell counts, and albumin as time-dependent 
variables. We examined characteristics of patients with BoV infection 
according to the presence of multiple respiratory symptoms (≥2 res-
piratory symptoms) as well as BoV viremia. Fisher’s exact or χ 2 tests 
for categorical variables and Wilcoxon rank sum test for continuous 
variables were used, as appropriate. Univariable and multivariable 
logistic regression with generalized estimating equations were used 
to evaluate longitudinal relationships between occurrences of each 
symptom during the first 100 days after HCT and BoV detection 
within the past week, as previously described [7]. Weekly symptom 
reports were used as binary outcomes in these models and evaluated 
in relation to a binary risk factor indicator of BoV detection within 
the past week. We used generalized estimating equations with ro-
bust variance estimates to include all episodes in the analyses. The 
following covariates were selected as potential adjustment factors: 
presence of other respiratory viruses within the past week, days rel-
ative to transplantation, age at transplantation, allergy history, con-
ditioning regimen, donor type, season at time of symptom survey, 
and grades 2 to 4 acute graft-versus-host disease. Variables with 
P < .10 in univariable analyses were included as adjustment factors 
in multivariable models. Rates for occurrence of BoV detection per 
sample was described using 95% confidence interval (CI).

RESULTS

Demographics of Patients in the Prospective Surveillance Cohort

The prospective study cohort consisted of 471 allogeneic HCT 
recipients (median age, 51 years; range, 8 months–75 years) as 

Figure 1.  Study design of the prospective surveillance study (N = 471).
†Polymerase chain reaction: respiratory syncytial virus, influenza, parainfluenza, adenovirus, human metapneumovirus, rhinovirus, coronavirus, bocavirus.
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shown in Table 1 [15]. Children accounted for 10.8% of patients 
(51/471). Overall, the cohort was predominately Caucasian 
(80%) and male (63.5%). Peripheral blood stem cells were the 
most common graft source (72.8%) with cord blood the least 
common (9.6%). Use of T-cell depletion was uncommon in this 
cohort (4.7%); 343 patients (72.8%) developed grades 2–4 acute 
graft-versus-host disease.

BoV Detection in Respiratory Tract in the Prospective Surveillance Cohort

Overall, BoV was detected in 37 respiratory tract specimens 
including 1 BAL specimen by 1 year post-HCT in 19 patients 
(4%; median age, 42 years; range, 9 months–67 years). Because 
2 patients (1 years old and 39 years old, respectively) had mul-
tiple BoV RTIs over time, a total of 21 distinct BoV RTIs (3 pre-
HCT and 18 post-HCT) were observed. The underlying disease 
in these 2 patients was acute leukemia. Children accounted 
for 32% (6/19) of the BoV-positive group, a proportion signif-
icantly higher than that in the entire study population (11%, 
51/471; P = .003). BoV was detected from respiratory tract 
specimens throughout the year without apparent seasonality 
(Supplementary Figure 1). BoV was more frequently detected 
in the latter half of the first 100 days post-HCT (Supplementary 
Figure 2). The cumulative incidence of BoV RTI is also shown 
in Supplementary Figure 3.

We examined risk factors for acquisition of BoV in the first 
100  days post-HCT in univariable Cox regression models. 
Significant variables were younger age (P = .003) and exposure 
to children (P = .009), especially exposure to younger children 
younger than age 4 years (P < .001). Exposure to any people with 
cold symptoms was not significant (P = .337). Because of the low 
number of BoV infections, multivariable models were not feasible.

Five individuals (26%), age range between 9  months and 
64  years, demonstrated BoV shedding, defined as multiple 
positive samples, with no more than a single interim negative. 
Median shedding duration between the first and last detection 
among these individuals was 21 days with the longest shedding 
event lasting 56 days (in the 64 year old).

Characteristics of Patients With BoV Detection in Respiratory Tract Post-
HCT in the Prospective Surveillance Cohort

We evaluated clinical factors associated with the presence of res-
piratory symptoms among 17 patients with BoV detected in the 
respiratory tract with corresponding symptom surveys available 
post-HCT (Table 2). Among 9 patients with respiratory symp-
toms, 5 were found to have respiratory copathogens (4 rhino-
virus and 1 coronavirus) during the BoV infection. Univariable 
models showed higher peak viral load of BoV in nasal samples 
(mean, 5.6 log10 copies/mL vs 3.4 log10 copies/mL, P = .04), and 
presence of respiratory copathogens (P = .03) were associated 
with presence of multiple respiratory symptoms. However, age, 
BoV detection in plasma, cytopenia, and steroid use were not 
associated with this outcome.

Separately, we also examined whether BoV detection in the 
upper respiratory tract was associated with specific respiratory 
or systemic symptoms in the first 100  days post-HCT using 
longitudinal logistic regression models (BoV occurrence rate, 

Table 1.  Characteristic of Allogeneic Transplant Recipients (Prospective 
Cohort)

Variables Descriptions (N = 471)

Year of transplantation 2006 99 (21.0)

 2007 114 (24.2)

 2008 126 (26.8)

 2009 121 (25.7)

 2010 11 (2.3)

Age at transplantation (y) Median (range) 50.8 (0.7–75.2)

Children (<18 y) Yes 51 (10.8)

Children (<18 y) Median (interquartile range) 10.3 (4.0–14.1)

Race Caucasian 377 (80.0)

Gender Female 172 (36.5)

HLA Mismatch/unrelated 247 (52.4)

 Haplo/related 22 (4.7)

 Matched/related 157 (33.3)

 Cord blood/unrelated 45 (9.6)

Cell source Bone marrow 83 (17.6)

 Peripheral blood stem cell 343 (72.8)

 Cord blood 45 (9.6)

Conditioning regimen Myeloablative + TBI 129 (27.4)

 Myeloablative + non-TBI 145 (30.8)

 Nonmyeloablative 197 (41.8)

Underlying disease Acute myeloid leukemia 164 (34.8)

 Acute lymphocytic leukemia 58 (12.3)

 Myelodysplastic syndrome 54 (11.5)

 Lymphoma 51 (10.8)

 Myeloma 34 (7.2)

 Chronic lymphocytic leukemia 25 (5.3)

 Chronic myeloid leukemia 20 (4.3)

 Other diseases 65 (13.8)

Underlying disease riska High 173 (36.7)

 Intermediate 38 (8.1)

 Low 260 (55.2)

T-cell depletion Yes 22 (4.7)

Smoking status Current 30 (6.4)

 Former 127 (27.0)

 Never 280 (59.4)

 Unknown 34 (7.2)

History of allergies Yes 166 (35.2)

 No 293 (62.2)

 Unknown 12 (2.5)

CMV serostatus D+/R+ 110 (23.4)

 D+/R− 41 (8.7)

 D−/R+ 163 (34.6)

 D−/R− 157 (33.3)

Acute GVHD grades 0–1 128 (27.2)

 2 279 (59.2)

 3–4 64 (13.6)

Chronic GVHD Yes 157 (33.3)

Data are n (%), unless otherwise specified.

Abbreviations: CMV, cytomegalovirus; D, donor; GVHD, graft-versus-host disease; HLA, 
human leukocyte antigen; R, recipient; TBI, total body irradiation.
aReference [15].

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1149#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1149#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1149#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1149#supplementary-data
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0.5%; 95% CI, .3–.7). In a univariable model, a positive BoV 
sample within the past week was significantly associated with 
rhinorrhea and watery eyes, both of which remained significant 
in multivariable models (Figure 2). Otherwise, BoV detection 
was not associated with other symptoms in univariable models. 
Of note, there were no deaths that appeared to be associated 
with BoV RTI in this prospective cohort.

BoV Viremia in the Prospective Surveillance Cohort

Among patients with corresponding serum samples available 
(30 samples in 18 patients), BoV was detected in 15 serum 
specimens (9 patients). We also investigated clinical fac-
tors associated with the BoV viremia among 16 patients with 
symptom surveys available post-HCT (Supplementary Table 
1). The univariable analyses did not reveal that any variables 

(transplant demographics, cell counts, systemic steroid use, res-
piratory copathogens, peak viral load in nasal samples, and sys-
temic symptoms) were associated with the presence of viremia.

Characteristics of Patients With BoV Detected in Lower Respiratory Tract 
Samples in the Retrospective Cohort 

A total of 2509 lower respiratory tract specimens were tested 
for BoV (4/1988–12/2018), which included residual BAL spe-
cimens tested for research purpose in previous publications [9, 
10] (Table 3). Among these, 6 allogeneic HCT recipients (range, 
1–64  years old) had BoV detected in lower respiratory tract 
specimens with a low incidence rate per sample tested (9/2509, 
0.4%; 95% CI, .2–.7). BoV lower respiratory tract infection 
(LRTI) occurred 18–805  days after HCT, including 1 case in 
which BoV was detected in the lung at autopsy. Although all 
6 cases presented with hypoxemia, 4 patients had significant 
respiratory copathogens or concomitant pulmonary conditions 
that contributed to respiratory compromise. In 1 subject (case 
3) with a history of diffuse alveolar hemorrhage, initial BAL re-
vealed BoV and pulmonary hemorrhage. After the diagnosis 
of recurrent diffuse alveolar hemorrhage, this patient’s dose of 
systemic steroids was increased and other immunosuppressive 
agents were started. After initial improvement, the patient’s res-
piratory condition worsened. A subsequent BAL did not reveal 
any potential pulmonary pathogens other than BoV. BoV was 
not detected in serum in 2 residual serum samples (5 days and 
4 days after initial and subsequent BALs, respectively), which 
suggests the detection of BoV in BAL samples was from the rep-
lication of BoV in the respiratory tract rather than contamin-
ated blood in the setting of pulmonary hemorrhage. The patient 
died with respiratory failure 29 days after initial BAL procedure. 
An autopsy was not performed, and it remains unclear the de-
gree to which BoV infection contributed to the death of this 
patient.

DISCUSSION

This prospective surveillance study showed BoV was infre-
quently detected in the respiratory tract after allogeneic HCT 
(0.5%; 95% CI, .3–.7). BoV detection in the respiratory tract was 
associated with watery eyes and rhinorrhea in adjusted models. 
Our study did not demonstrate convincing evidence that BoV 
was a common or generally serious respiratory pathogen in 
transplant recipients.

Since BoV was first isolated from pediatric respiratory spe-
cimens in 2005, there has been debate as to whether BoV is a 
true respiratory pathogen or an innocent bystander. Even fewer 
data exist regarding the role of BoV as a respiratory pathogen 
in immunocompromised patients [5]. This is one of the largest 
prospective surveillance studies to evaluate the clinical manifes-
tation of respiratory BoV infection in HCT recipients. Overall, 
19 patients (4% of the entire cohort) had BoV detected and BoV 
was the least common respiratory virus detected. Risk factors 

Table 2.  Characteristics of Patients With Bocavirus Upper Respiratory 
Tract Infection (Univariable Analysis)

Variables Categories

Respiratory Symptoms
P 

Value+ (N = 9) − (N = 8)

Age at transplantation, y <18 1 (11%) 4 (50%) .13

Sex Male 7 (78%) 6 (75%) 1.00

Cell source BM/cord 
blood

1 (11%) 3 (38%) .29

 PBSC 8 (89%) 5 (63%)  

Lowest white cell counts, ×106 
cells/La,b

<1000 2 (22%) 0 (0%) .52

Lowest neutrophil counts, 
×106 cells/La,b

<500 1 (11%) 0 (0%) 1.00

Most recent lymphocyte 
counts, ×106 cells/La,b

<300 2 (22%) 0 (0%) .52

Most recent monocyte counts, 
×106 cells/La,b

<300 2 (22%) 1 (13%) 1.00

Nasal steroid usea,c Yes 1 (11%) 1 (13%) .72

Systemic steroid usea,c Yes 6 (67%) 5 (63%) .32

Peak bocavirus viral load 
copies/mL, Log 10a,e

Mean (STD) 5.6 (2.2) 3.4 (0.3) .04

Peak bocavirus viral load, Ct 
valuea,f

Mean (STD) 28.3 (7.5) 38.4 (1.2) .01

Viremiaa Positive 4 (44%) 4 (50%) .80

Copathogen during bocavirus 
infectiond

Yes 5 (56%) 0 (0%) .03

Fever during bocavirus 
infectiona

Yes 1 (11%) 0 (0%) .33

Myalgia during bocavirus 
infectiona

Yes 2 (22%) 0 (0%) .08

Headache during bocavirus 
infectiona

Yes 3 (33%) 1 (13%) .16

Diarrhea during bocavirus 
infectiona

Yes 3 (33%) 3 (38%) .64

Abbreviations: BM, bone marrow; Ct, cycle threshold; PBSC, peripheral blood stem cell; 
STD, standard deviation.
aMissing data are present.
bIn 2 weeks before bocavirus onset.
cIn 2 weeks before bocavirus onset or during episode.
d4 rhinovirus and 1 coronavirus.
eViral load (copies/mL) are unavailable in 2 patients with respiratory symptoms and 4 pa-
tient without respiratory symptoms.
fCt values are unavailable in 2 patients with respiratory symptoms and 1 patient without 
respiratory symptoms.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1149#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1149#supplementary-data
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for acquisition of BoV during HCT are of interest but remain 
uncertain [16, 17]. Previous studies have demonstrated that 
symptomatic or asymptomatic BoV shedding is very common 
in young children and in daycare settings [4, 13]. Exposure to 
young children with or without cold symptoms (eg, child care 
situations) may potentially be a risk factor for BoV infection 
[2]. This current study did not demonstrate any apparent sea-
sonality, and BoV was more frequently detected in the latter half 
of the first 100  days post-HCT. Univariable models indicated 
younger age and exposure to younger children are risk factors 
for acquisition of BoV in the respiratory tract. Interestingly, 
contact with persons with cold symptoms was not associated 
with BoV acquisition. These observations suggest that trans-
plant recipients may be at risk of acquiring BoV after exposure 
to asymptomatic or symptomatic children following engraft-
ment (immediate post-HCT period).

We evaluated the clinical characteristics among patients with 
BoV detected in the respiratory tract post-HCT based on mul-
tiple respiratory symptoms and BoV viremia in univariable 
models. The frequent detection of respiratory copathogens, es-
pecially in children, (coinfection range, 18%–90% [5, 16, 18]) 
makes understanding the clinical impact of BoV difficult. In our 
transplant cohort, the presence of respiratory copathogens was 
also frequent (5/18, 28%) and associated with the presence of 
multiple respiratory symptoms. Although BoV is often detected 
in healthy asymptomatic children, previous studies suggest 

that higher viral load of BoV in the nasopharynx is associated 
with presence of respiratory symptoms [13, 19–22]. This was 
also demonstrated in our study. The presence of viremia has 
been reported to correlate with higher viral load in the respi-
ratory tract as well as respiratory symptoms [19]. In our study, 
BoV detection in plasma was neither associated with clinical 
characteristics nor peak viral load in nasal samples although 
the sample size was limited for this analysis. These results may 
imply a complex mechanism of viremia and demonstrate the 
challenges in interpreting its significance.

By using weekly nasal wash sampling and symptom surveys 
through 100  days post-HCT in a large cohort, we performed 
analyses to investigate whether any specific symptoms were as-
sociated with recent detection of BoV in the respiratory tract. 
BoV detection was associated with watery eyes and rhinorrhea 
in adjusted models, suggesting that BoV may be the etiology 
for these localized symptoms in allogeneic HCT recipients. 
Watery eyes is a relatively uncommon symptom in the setting 
of respiratory virus infections in general, but BoV has been iso-
lated from conjunctiva, and conjunctivitis has been reported as 
present in patients with BoV infection [4, 18, 23]. Another in-
teresting finding in this current study is that no patients with 
BoV detected in the respiratory tract had wheezing present. In 
healthy children, high viral load in nasopharynx and viremia 
are associated with wheezing, a sign of lower respiratory tract 
involvement [21, 22]. Although the presence of wheezing would 

Figure 2.  Model estimates for unadjusted and adjusted associations between each symptom and bocavirus detection in the respiratory tract (at the time of symptom or 
within the prior week). Sore throat, hoarseness, and wheezing were not evaluated because no patients with bocavirus detected had these symptoms at the same time or 
following week. Abbreviation: CI, confidence interval. aAdjusted for age at transplantation and days relative to transplantation. bAdjusted for history of allergy, donor status, 
conditioning regimen, days relative to transplantation, and other respiratory viruses within the prior week.
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Table 3.  Clinical Manifestation of Transplant Recipients With Bocavirus Detected in Lower Respiratory Tract Samples (Retrospective Cohort)

Case 1 2 3 4 5 6

Year 2008 2011 2015 2018 1993 1993

Age, y 64 1 20 23 11 52

Gender Male Female Male Male Female Male

Underlying disorder Lymphoma Hemophagocytic 
lymphohistiocytosis

Acute lymphoblastic 
leukemia

Acute myeloid leu-
kemia

Acute lym-
phoblastic 
leukemia

Chronic myeloid leukemia

Donor type Matched/unre-
lated

Matched/unrelated Cord/unrelated Matched/unrelated Matched/unre-
lated

Matched/related

Donor source PBSC BM Cord blood PBSC BM BM

Immunosuppressant 
before LRTI

FK FK, MTX, steroid 
0.9 mg/kg

FK, steroid 0.9 mg/kg FK, cytarabine, steroid 
0.5 mg/kg

CyA, steroid 
1 mg/kg

CyA, steroid > 1 mg/kg

Days of LRTI 
diagnosis 
(posttransplant)

231 18 106 805 126 78 

Preceding BoV detec-
tion in nose

 69 days before LRTI  16 days before LRTI   

Findings in chest 
imaging

Pleural effusion, 
tree in bud 
opacities

Atelectasis Patchy GGO, nodules GGO, centrilobular 
nodules, mycetoma

Pleural effusion, 
consolidation

Pulmonary nodules

Ct values of BoV in 
initial and subse-
quent BALs

Unknown Unknown → not de-
tected (4 days after)

29.5 → 32.6 (11 days 
after)

35.4 (lung autopsy) 26.4 → 20.3 
(6 days after)

16.9 → 31 (11 days after)

Copathogens in BALsHRV AdV, HRV None Fusarium, Aspergillus 
fumigatus (lung 
autopsy)

KI polyomavirus Aspergillus fumigatus 
grew from sputum 
culture 

Respiratory support 
following LRTI 
diagnosis

Supplemental 
oxygen

Mechanical ventilator 
(airway protection)

Mechanical ventilator Supplemental oxygen Supplemental 
oxygen

Supplemental oxygen

Concomitant illness Rib fracture, 
fluid overload, 
aspiration

Bleeding from 
mucositis, fluid 
overload

Diffuse alveolar hem-
orrhage

Septic shock, relapse, 
GVHD

None None

Clinical diagnosis at 
death (within 90 d 
after LRTI)

N/A N/A MOF, respiratory 
failure (29 days 
after)

MOF, respiratory failure 
(same day)

Arrest, seizure 
(47 days after)

Sepsis (resistant enter-
ococcus), respiratory 
failure (23 days after)

Abbreviations: AdV, adenovirus; BAL, bronchoalveolar lavage; BM, bone marrow; BoV, human bocavirus; Ct, cycle threshold; CyA, cyclosporine; FK, tacrolimus; GGO, ground glass opacities; 
HRV, human rhinovirus; LRTI, lower respiratory tract infection; MOF, multiorgan failure; MTX, methotrexate; N/A, not applicable; PBSC, peripheral blood stem cell.

have been mainly identified by self-report in this surveillance 
study, our finding infers the low propensity of this virus to lower 
respiratory tract involvement in the HCT population. Our 
finding is also consistent with BoV being exclusively detected 
in upper respiratory tract specimens in patients undergoing 
lung transplantation [24, 25]. Because few overall symptoms are 
associated with BoV detection even in immunocompromised 
hosts, the issue of whether BoV should be included in multiplex 
respiratory viral PCR panels is of interest [26–28], especially if 
platforms have limited availability for adding novel and more 
clinically important viruses, such as severe acute respiratory 
syndrome coronavirus-2.

Life-threatening LRTI resulting from BoV has been de-
scribed in case reports, where it appears to be the result of pri-
mary BoV infection mainly in young children with prematurity 
or immunocompromised hosts [29–36]. However, few prospec-
tive or systematic studies have examined the role of BoV as a 
serious respiratory pathogen. To ensure that we had not over-
looked invasive BoV disease, we separately conducted a retro-
spective review to describe HCT recipients with BoV detected 

in BAL or lung biopsy. Only 6 allogeneic HCT recipients (0.4% 
of samples tested over 3 decades) had BoV detected in the lower 
respiratory tract. All 6 patients presented with hypoxemia, and 
respiratory copathogens or concomitant pulmonary conditions 
were common. One patient, who underwent cord blood trans-
plantation and presented with alveolar hemorrhage, died with 
respiratory failure. BoV has not been reported as a potential in-
fectious trigger for diffuse alveolar hemorrhage. Approaches to 
the care of HCT patients with BoV detected in the lower respi-
ratory tract have not been studied and the significance remains 
undetermined with the rare incidence of BoV LRTI. Until fur-
ther evidence is available, close monitoring may be warranted, 
particularly in those patients with immature antigen specific 
memory T cells.

A strength of this study is the large surveillance prospec-
tive cohort that collected longitudinal symptom surveys and 
upper respiratory tract specimens. We used a well-established 
multiplex semiquantitative PCR to evaluate the role of BoV 
RTI in transplant recipients, regardless of symptoms. In addi-
tion, we attempted to overcome other confounding effects in 
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multivariable models that included other respiratory viruses as 
adjustment factors. We also examined the impact of BoV vi-
remia using saved serum samples. One limitation of our study 
was the relatively low incidence rates of BoV RTI, which lim-
ited our ability to perform multivariable analyses to evaluate 
risk factors for BoV acquisition and presence of multiple res-
piratory symptoms. Despite our attempt to use multivariable 
models to assess the associations between BoV detection and 
each symptom, the possibility of unrecognized confounders 
cannot be eliminated. Although this is likely the largest case se-
ries of BoV LRTI in this high-risk population, the significance 
of BoV as a serious respiratory pathogen is still undetermined 
because of the very low incidence of BoV in lower respiratory 
tract specimens and frequent presence of copathogens. Last, al-
though we detected DNAemia, we did not perform messenger 
RNA detection assay, which in conjunction with detection of 
viral replication can be a better target for the diagnosis of active 
BoV infection [37].

In conclusion, we demonstrated that BoV RTI is infrequent 
in allogeneic HCT recipients and associated with mild symp-
toms including rhinorrhea and watery eyes. BoV detection in 
the lower respiratory tract was rare and generally associated 
with clinically significant copathogens. Overall, our data dem-
onstrate that BoV is unlikely to be a serious respiratory path-
ogen in allogeneic HCT recipients.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, so 
questions or comments should be addressed to the corresponding author.
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